A numerical analysis based on phenotypic characteristics (89 enzymatic tests and 49 carbohydrate acidification tests), in which experimental strips from Biomerieux-API, La Balme les Grottes, France, were used, was performed to characterize 82 new isolates belonging or related to Bijidobacterium longum, Bifidobacteriurn infantis, and Bafuiobucteriurn breve. A total of 72 strains were isolated from child or adult feces, and the other strains were obtained from human vaginas and bronchi. In this study we also included 38 type and reference strains that were representative of all species of the genus Bifidobucterium and 6 strains belonging to the genus LactobuciUus, DNA-DNA relationships between B. longurn and B. infantis were determined by using 19 strains related to these species, as determined by the numerical analysis, The degree of DNA binding was determined by the S1 nuclease method. The phenotypic study revealed that there were six main clusters, which were subdivided into nine subclusters. Subcluster Va contained the type strains of B. longum and B. infantis. The DNA-DNA relatedness values of some of the new isolates were very similar to the DNA-DNA relatedness values of the type strain of B. longurn. On the basis of these data, it was difficult to isolate B. infantis strains and then to define B. infantis as a single species separated from B. longurn. Subclusters lVb to IVf comprised reference strains of B. breve. Cluster I11 and subcluster Ia were not identified.
present time, the genus Bifidobacterium includes 29 10 of which are of human origin. Four of these species, Bijidobacterium bijidum, Bijidobacterium longum, Bifidobacterium infantis, and Bifidobacterium breve, have been studied with increasing interest because of their role in physiological relationships in human (especially infant and child) gastrointestinal tracts (2, 3, 29) . Furthermore, today, the use of these bacteria in food microbiology (dairy products) makes accurate differentiation of these organisms necessary (19) .
The type species of the genus, B. bifidum, is well separated from the other species on the basis of its phenotypic characteristics, as well as its DNA-DNA hybridization values. Identification of the three other species studied in this work is much more uncertain; in particular, distinction between B. longum and B. infantis is difficult.
On the basis of the results of phenotypic studies, Reuter (18) defined and subdivided B. longum into two biovars, biovars a and b, and Mitsuoka (17) divided B. longum into B. longurn subsp. longum, and B. longum subsp. animalis variants a and b. Variant a was elevated to species rank as Bifidobacterium animalis on the basis of the results of DNA-DNA hybridization experiments (22) ; however, phenotypic differentiation of this taxon from B. longurn was still being discussed by Yaeshima et al. in 1991 (28) .
The definitions of B. infantis and B. breve, as described by Reuter (18) , were revised in 1971 by Scardovi et al. (24) ; B. infantis included Bifidobacterium liberorum and Bifidobacterium lactentis, species that were initially separated from B. infantis, while B. breve included Bifidobacterium pawuloncm (18) .
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The purpose of this study was to determine by numerical analysis and DNA-DNA hybridization the phenotypic and genomic characteristics of B. longum and B. infantis and the relationships of these species to B. breve.
MATERIALS AND METHODS
Bacterial strains. The strains which we used are listed in Table 1 . A total of 126 strains were used in this study, including 82 new isolates (72 isolates from child and adult feces or intestines, 2 isolates from human vaginas, 2 isolates from bronchi, and 6 isolates of unknown origin) and 44 type and reference strains (6 of which belonged to the genus Lactobacillus). Every new isolate except strain R12H2 from an illeonal reservoir came from the Service de Bacteriologie, FacultC de Pharmacie de Lille, Lille, France.
Phenotypic characterization. All of the strains were considered members of the genus Bijidobacterium because they exhibited the characteristics described previously for this genus (lo), especially the presence of fructose-6-phosphate phosphoketolase. The same tests performed previously (lo), including 89 experimental enzymatic strip tests and 49 carbohydrate acidification tests (Biomerieux-MI, La Balme les Grottes, France), were used for numerical analysis.
Numerical analysis. A total of 24 tests which were either positive or negative for all of the strains were not included in the numerical analysis. The levels of similarity between bacterial strains were calculated by using the Dice index (9) . Aggregation was based on the unweighted pair group average-linkage method (7, 26) .
G+C contents and DNA-DNA hybridization. DNA was extracted by using lysozyme (15) in addition to achromopeptidase treatment (1) . After the lytic phase, purified DNA was obtained by the method of Marmur (15) . The thermal dena- turation and guanine-plus-cytosine (G+C) values were determined as described previously (8, 16) . The degrees of DNA binding were determined by the S1 nuclease-trichloroacetic acid method (5,6,12), and the ATm values (ATm is the difference between the temperature at which one-half of the reassociated DNA in the homologous reaction is denatured and the temperature at which one-half of the reassociated DNA in the heterologous reaction is denatured) were calculated (5, 12) . The strains used in the DNA-DNA binding experiments and the results of these experiments are shown in Table 2 .
RESULTS
Phenotypic characterization. Our dendrogram (Fig. 1) contained six main clusters (clusters I to VI), which were subdivided into nine subclusters (subclusters Ia, IVa to IVf, Va, and Vb). Fourteen strains did not fall into any cluster, Cluster V. Cluster V is the most important cluster (52 strains) and is divided into subcluster Va (38 strains) and subcluster Vb (11 strains). The following strains were not members of either of these subclusters: Bifidobacterium gallinarum ATCC 33777T ( = CH206-ST), Bifidobacterium adolescentis ATCC 15704 (= E305), (variant b), and one strain whose origin was unknown.
The type strains of B. longurn (strain NCTC 11818 [= E194bl) and B. infantis (strain DSM 20088 [ = S121) were in the same subcluster, subcluster Va, along with two reference strains, B. Zongum ATCC 15708 (= S3) (variant b) and B.
infantis DSM 20218 (= ATCC 17930). Subcluster Vb did not contain any type or reference strains. All of these organisms were isolated from child feces.
Cluster VI. Cluster VI contained the type strains of species belonging to the B. adolescentis complex (21, 23) , including B. adolescentis CCUG 18363 (= E194a), Bifdobacterium pseudocatenulatum DSM 20438 ( = B1279), Bifidobacterium catenulatum CCUG 18366 (= B669), and Bifdobacterium dentium CCUG 18367 (= B764), and three wild strains, one isolated from a bronchus and two isolated from child feces. Thirteen strains were unclustered, including six type strains, four strains belonging to the genus Lactobacillus, and three new isolates (Table 1) .
G+C contents and DNA-DNA hybridization. The G+C contents of 15 strains belonging to subcluster Va and 4 strains belonging to subcluster Vb ranged from 56 to 59 mol% ( Table 2) .
The DNA relatedness values for these 19 strains, including the type strains of B. longum and B. infantis, are shown in Table 2 . The levels of DNA-DNA base sequence similarity between these two type strains were 66 and 67%. A higher value (70%), with a AT,,, of 4.8"C, was obtained between B. infantis DSM 20218 and B. longum NCTC 11818T (= E194bT), while a level of relatedness of 80% and a AT,,, of 3.8"C were observed between B. infantis DSM 20218 and B. infantis DSM 200tNT (= S12T). Table 4) . Differentiation between the two subclusters was based on enzymatic tests, and the data indicated that there are two different phenotypes for the B. longurn-B. infantis group. The levels of DNA relatedness between the two species were found to vary from 65 to 80% (20, 23, 25) . Later, in 1983, Lauer and Kandler (14) performed DNA-DNA hybridization experiments with the type strains and obtained values of 62 to 63%. Furthermore, DNAs from strains isolated from calves were as closely related (75 to 80%) to B. infantis strains as to B. Zongum strains and thus could represent part of a "continuum" between the two species
Enzymatic tests
Our results for 19 human strains (Table 2) showed that their levels of DNA-DNA relatedness were 67 to 98 and 61 to 80% when B. longum and B. infantis, respectively, were used as the reference strains. Of the 12 AT, values calculated (Table 2) , 11 were less than 5°C in the experiments performed with B. longum as the reference strain; the AT, for the type strain of B. infantis was 5.2"C. In contrast, eight
(20).
ATm values were more than 5°C in the experiments performed with B. infantis as the reference strain, but three values were less than 5°C. According to the definition of a species, as cited by Wayne et al. (27) , and the standard errors calculated by Grimont et al. (13) (about 4% in the S1 nuclease method and about 1.7"C in ATm determinations), only one strain (DSM 20218) could be considered a B. infantis strain. Two new isolates (CUETM 89-193 and CUETM 89-240) could represent part of the continuum described by Scardovi et al. (20) . All of the other strains are B. longum strains.
B. breve (subclusters IVb to Wf). Although the type strain of B. breve, strain NCFB 2257, was unclustered in subclusters IVb to IVf, the five subclusters could be assigned to the species B. breve on the basis of acidification of carbohydrates according to Scardovi et al. (24) and Biavati et al. (4) . The acidification of mannitol and the acidification of sorbitol (except for the two strains in subcluster IVd) are particularly important. All of the strains were L-arabinose or D-xylose negative. In subclusters IVb to IVf 33% of the strains were cellobiose negative. Subcluster IVb included two reference strains, B. breve ATCC 15701 (= S46) and DSM 20091 (= ATCC 15698 = S50). Strain ATCC 15698 was not grouped, according to Roy et al. (19) , with the other two B. breve strains tested by these authors (strains ATCC 15700 [= S l ] and ATCC 15701 [= S461). It is difficult to differentiate a species on the basis of only three strains, particularly when one strain has atypical characteristics. Enzymatic tests were useful in this study in view of the separation of the five subclusters ( Table 4) .
The DNA-DNA relatedness values for most of the strains phenotypically identified as B. breve when type strain S1 was used as the reference strain were very similar (between 75 and 91%) (24) .
Cluster VI. Cluster VI contained four type strains, B.
adolescentis CCUG 18363 (= E194a), B. pseudocatenulatum DSM 20438 (= B1279), B. catenulatum CCUG 18366 (= B669), and B. dentium CCUG 18367 (= B764), and three new isolates. These genospecies were defined by Scardovi et al. (21, 23) on the basis of the phenospecies described by Reuter (18) . These species were previously placed in the B. adolescentis homology group (21) and the B. pseudocatenulatum group (23).
Unidentified clusters. (i) Cluster I. It was interesting that one of the strains (CUETM 89-271) isolated from child feces was also studied by Gavini et al. (10) and clustered in their group VIIa but was not assigned to any known species. In this study, strain DSM 20097 (= C10-45) was unclustered in cluster I. It was received from the Deutsche Sammlung von Mikroorganismen as B. longum because of its high DNA-DNA relatedness to the B. longum type strain (89%) according to Lauer and Kandler (14) . In 1971, Scardovi et al. (24) defined this strain as B. longum subsp. animalis biotype b, as Mitsuoka did (17), but established that it was 100% homologous with Bifidobacterium pseudolongum biotype c strain 29SrT and 65% homologous with B. pseudolongum biotype a strain PNC-2-9G7 which is the type strain of the species at the present time. Its taxonomic position in our study did not permit us to determine to which species it belonged. The discrepancies between the results of Scardovi et al. (24) and those of Lauer and Kandler (14) might be explained by differences in the strains used since they were obtained from different collections and were studied by different authors.
(ii) Cluster 111. Cluster I11 comprised subcluster IIIa, with only two strains, and the type strain of B. subtile, strain DSM 20096. One of the two strains, CUETM 89-158, was clustered by Gavini et al. (10) with the B. catenulatum type strain (CCUG 18366). In our analysis, this type strain was included in cluster VI, along with other type strains belonging to the B. adolescentis complex. This difference in taxonomic position could be explained by the small number of strains belonging to this complex which were studied.
In conclusion, we make the following observations. B. longum and B. infantis could not be differentiated on the basis of a large number of phenotypic characteristics. The genomic data obtained in this study lead us to ask whether the existence of strains named B. infantis is a reality, since no new strains have been isolated.
Type strain B. infantis DSM 20088 and reference strain B. infantis DSM 20218 could be considered marginal strains belonging to the species B. longum. B. breve has been divided into five phenospecies; however, this finding probably is not supported by genomic data if we consider previous DNA-DNA hybridization results for different phenotypes. The strains of human origin in cluster I and subcluster IIIa, which phenotypically are related to B. longum, B. infantis, and B. breve, could not be identified as members of any known species. Further DNA-DNA hybridization studies must be carried out to define the taxonomic position of these organisms.
